INTRODUCTION
In spite of technological progress made in diagnosis and treatment, gastric cancer continues to be the fourth most prevalent cancer type with the second highest mortality [1] . The high occurrence of cancer-related death in stomach adenocarcinoma (SA) patients may be associated with specific biological characteristics of the disease, such as challenges associated with timely diagnosis, late clinical manifestation, and high frequency of invasion and metastasis [2] . Investigation of the underlying tumorigenesis and progression of SA, the most common pathological type of gastric cancer, is a prerequisite for developing new therapeutic agents [3, 4] . Although some tumorigenesis and prognostic factors, including genes [5, 6] and tumor microenvironment, were evaluated [7] , the precise mechanisms and signaling pathways involved are still mostly unknown. Novel molecular biomarkers that can precisely indicate the stage of disease progression and clinical results could help provide personalized treatment and a better understanding of SA pathogenesis.
Rapid technological development of biochips and next-generation sequencing has opened up new dimensions in gene expression research for medical oncology [8] . The Cancer Genome Atlas (TCGA) is a large unified compilation of multi-platform molecular profiles along with clinicopathological annotation data. TCGA offers facilities with structured analysis of potential molecular processes of various clinicopathological parameters linked to cancer [9] . Weighted gene co-expression network analysis (WGCNA) was proposed for establishing coexpression modules or networks of genes to explore the correlation among different groups of genes, or within groups of genes, and clinical features [10] . These modules are built upon large gene expression profiles and the differences between the centrally located genes (hub genes) that drive the crucial cellular signaling pathways within important cell types [11, 12] . The WGCNA method provides a functional interpretation tool for systems biology and has led to new insights into the pathophysiology of SA.
In the present study, we used gene expression data from TCGA to create a co-expression network using differentially expressed genes (DEGs) related to SA progression, and defined the gene clusters closely related to SA through WGCNA. Transcriptomics analysis enabled us to identify sorting nexin (SNX)10, a tumor suppressor, which showed over-expression in paracarcinoma tissues and gastric epithelial cells (GSE-1) compared to that in SA tissue and cells. We investigated the correlation between SNX10 expression and the related clinicopathological parameters in SA patients. The prognostic value of SNX10 in SA was also evaluated.
Our research provides a novel and extensive application platform for the identification of SA-related genes, which may be useful to identify novel molecular targets and develop competent therapeutic strategies.
MATERIALS AND METHODS

TCGA gene expression profiles
The RNA sequencing dataset and corresponding clinical records of SA patients were obtained from TCGA (https:// portal.gdc.cancer.gov/, Project ID: TCGA-STAD). The RTCGA Toolbox package in the R platform was used to download the raw dataset of RNA sequences [13] . A total of 406 samples were available in TCGA, which included 375 tumor and 31 normal tissue samples. Hub genes were identified from 375 tumor tissue samples (with complete clinical data) using WGCNA.
Screening for DEGs
Differentially expressed RNAs were identified by the package R [14] . The trimmed mean of M values was used to obtain gene read counts with one scaling normalized factor [15] . We calculated the significance of RNAs using the negative binomial model followed by correction of P values by the Benjamini-Hochberg method [16] . Significantly expressed RNAs were identified using adjusted P values of 0.05 and fold changes of 1.
Construction of WGCN
The WGCNA R package was used to establish coexpression networks of genes [10] . Towards this end, 375 tumor samples with expression of 6,232 DEGs and related clinical data were used. The weighted adjacency matrix was created from a power function that was dependent on a soft-thresholding parameter gram, deep split was taken as 4, and we considered the cutoff line as 0.15 for the module dendrogram and merged modules. The network was visualized by Cytoscape 3.5.1 [17] . The network module was filtered and studied in Cytoscape using Molecular Compgram, deep split was taken as 4, and we considered the cutoff line as 0.15 for the module dendrogram and merged modules. The network was visualized by Cytoscape 3.5.1 [17] . The network module was filtered and studied in Cytoscape using Molecular Complex Detection (MCODE).
Clinically significant module identification and module functional annotation
We identified biologically significant modules using Pearson's correlation test to evaluate the association between modules and clinical features. Age, tumor stage and tumor grade were chosen as clinical traits. The modules showing the highest correlation with clinical features were chosen. The Database for Annotation, Visualization and Integrated Discovery (DAVID) version 6.8 (https://david.ncifcrf.gov/) [18] was used to categorize the gene data of the target module as follows: biological process FAT, cell component FAT, and molecular function FAT datasets of Gene Ontology (GO) functional [19, 20] and pathway enrichment analysis using Kyoto Encyclopedia of Genes and Genomes (KEGG) [21] . P < 0.05 was considered statistically significant.
Identification of hub genes
We calculated the gene significance (GS), high module membership (MM) and MCODE score for different genes in the modules of interest. Based on GS, MM and MCODE score, hub genes were identified.
Ethics statement
The study was sanctioned by the Ethics Committee, Liaoning Cancer Hospital and Institute. Informed consent was obtained from each patient prior to surgery. (Table 1) . Follow-up evaluation was conducted every 3-6 mo after surgery for 5 years, which included physical examination, pulmonary, abdominal, and pelvic computed tomography scan, blood count, endoscopy, and liver function tests. The dates of first evidence of recurrence and death were recorded for each case. Survival was estimated as the duration between operation and final follow-up or demise. The final date of investigation was May 1, 2018. The tenure between the resection date and diagnosis of first relapse was considered to be diseasefree survival (DFS). Overall survival (OS) was calculated detection involving diaminobenzidine (DAB) substrate (Boster, China) and the Vectastain ABC Elite kit (Linaris, Wertheim, Germany) were used for visualization. 
Patients and tissue samples
Evaluation of immunohistochemical staining
Cell culture
GSE-1 is a human gastric epithelial cell line, and SGC-7901 and BGC-823 are human gastric cancer cell lines. Cells were cultured in RPMI 1640 medium enriched with 10% fetal bovine serum (Invitrogen, Carlsbad, CA, United States), 100 U/mL penicillin, and 100 μg/mL streptomycin (Invitrogen) at a temperature of 37 ℃ humidified with < 5% CO2. Cells were obtained from China Medical University (Shenyang, China). All experiments were performed in triplicate with independent cell cultures. 
Real-time polymerase chain reaction
Statistical analysis
Statistical analysis was performed using SPSS version 22.0. One-way analysis of variance was used to compare the mean values between groups. Data from the χ 2 test or Fisher's exact test reflected the correlation between clinicopathological variables and biomarkers (SNX10). Kaplan-Meier survival curves were generated from the data and univariate survival analysis was performed by log-rank test. We tested the effect of prognostic biomarkers on survival rate through the Cox proportional hazards model.
RESULTS
Differentially expressed mRNAs in SA
DEG screening was carried out using the TCGA-STAD dataset including 124375 SA samples and 31 paracarcinoma tissues. R language (Edge R) was used to estimate 6231 expression data sets. From the expression data of 24991 mRNAs, 6231 differentially expressed mRNAs were identified (Figure 1 ), which were further investigated by WGCNA.
WGCN construction
To clarify the functional modules in SA patients, the expression values of 6231 DEGs were included for constructing a co-expression network with the WGCNA package. We selected β = 2 as the soft-thresholding power to construct a scale-free network (Figure 2A and B). Twenty-four distinct co-expression modules were identified that contained 41-1038 genes per module ( Figure 2C ).
Identifying key clinically significant modules
Biologically, the most relevant module has the highest association with clinical features of SA patients. The tan Figure 1 Volcano plot of the differentially expressed mRNAs between stomach adenocarcinoma and para-carcinoma tissues. Red indicates high expression and green indicates low expression (|log2FC| > 1 and adjusted P value < 0.05). The X axis represents a false discovery rate (FDR) value and the Y axis represents a log2FC. Differential mRNAs were calculated by edgeR. There were 2456 highly expressed and 3775 lowly expressed mRNAs. This volcano plot was conducted by the ggplot2 package of R language. FDR: False discovery rate.
module had the highest association with tumor grade (r = 0.24, P = 7 × 10 -6
; Figure 3A ) and was selected for subsequent analyses. The tan module also had the second-highest association with tumor stage (r = 0.11, P = 0.03; Figure 3A ). TOM plot function from the WGCNA package was used to generate a TOM plot ( Figure 3B ). Eigengene was treated as a representative profile to quantify module similarity. The dendrogram showed the correlation between modules ( Figure 3C ). The heat map revealed eigengene adjacency of modules ( Figure 3D ). MM and GS data (Supplementary Table 1) were exported for hub gene identification. Network analysis revealed that expression and regulation of tumor-related genes were altered in SA as opposed to non-tumor stomach tissues.
Module functional annotation and hub gene identification
All 93 DEGs in the tan module were submitted to the online database DAVID to identify representative GO terms and KEGG pathways [22] for further elucidation of the functional properties of the DEGs. GO analysis showed that the tan module contained biological processes focused on immune response, inflammatory response and defense response to virus infection. These cellular components were focused on the external side of the plasma membrane, extracellular space and cells. Molecular function mainly focused on chemokine activity ( Figure 4A, Supplementary Table 2 ). Figure 4B and Supplementary Table 3 show the most significantly enriched pathways of the tan module following KEGG pathway analysis. The DEGs were enhanced in the cytokine-cytokine receptor interaction, osteoclast differentiation, and Toll-like receptor signaling pathway. GS in the tan module of weighted co-expression was exported to Cytoscape software for WGCN construction ( Figure 4C ). We sorted the tan module DEGs according to MM, GS and MCODE. We selected the top 30 members of each group and took the intersection ( Figure  4D , Supplementary Table 1 ). SNX10 was identified as the hub gene.
Expression of SNX10 in SA cells and specimens
Western blotting and real-time PCR showed that SNX10 was weakly expressed in BGC-823 and SGC-7901 cells relative to control GES-1 cells ( Figure 5A and B, P < 0.05). We examined levels of SNX10 by immunohistochemistry in 362 SA tissue samples to investigate the role of SNX10 in SA tissue. We found that 195 (53.9%) tissues showed weak SNX10 expression ( Figure 5D ), and 167 (46.1%) showed high expression ( Figure 5E ). The corresponding negative results are shown in Figure 5C . Table 3 ). Weak expression of SNX10 also served as an independent prognostic factor for prediction of DFS and OS (DFS: P = 0.014, HR = 0.698, 95%CI: 0.524-0.930; OS: P = 0.017, HR = 0.704, 95%CI: 0.528-0.940; Table 3 ).
Correlations between clinicopathological factors and expression of SNX10
DISCUSSION
The tumorigenesis and prognosis of SA are dependent on the interaction of several factors, such as overexpression of oncogenes, silencing of tumor suppressor genes, tumor biological characteristics and clinical factors. According to the genetic factors in SA occurrence, development and prognosis, RNA sequencing could further help to study the function of genes at the whole genome level. As a systematic biology method to describe how clinical XAF1   OAS2  IFI44L   OAS3   IFI44   DLEU7  MB21D1   NLRC5   ISG15   CXCL9   TFEC IFITM1 MIR3191   RIPK2   PLA2G7  HK3  FCGR1A  GBP5  LGALS17A   UBD   IFNG   WARS   GBP4  IDO1 RUFY4  BATF2 EPSTI1  KIR2DS4   STAT1   IL27   TMSB15B  LAMP3   TNFRSF9  MMP12   MS4A14  CCL18  SLAMF8   LOC101928227   IL18BP  MMP9   MSR1   SIRPB1   CD80   ADGRE2   CLEC6A   FCGR1CP   IFI30   OSCAR   TDRD6   CCR8   HTRA4  TREM2  CHIT1   HS3ST2   FCGR3A   MICB   LOC653786   OLR1   SNX10   ITGAX features associate with genes, WGCNA was applied to investigate co-expression between SA tissue and normal samples. WGCNA, an algorithm for a scale-free network, is widely used in RNA sequencing and profiling microarray analysis [10] . The clustering criteria of WGCNA are focused on biological significance, in contrast to the other clustering algorithms that use geometric distance between data for clustering. A module in WGCNA depicted a group of genes in different tissue samples with similar trends in physiological processes or expression. After module identification, WGCNA calculates the stability of the module and indicates how that correlates with clinical features. The characteristic of a scale-free network is that it highlights several special nodes whose connectivity is significantly greater than that of other general nodes. The special nodes are called hub genes. Thus, it is the correlation between the hub genes of interest and clinical features that can be used to reveal the main causes of disease progression.
In the present study, DEGs were obtained by comparing SA and normal gastric epithelial tissue samples. WGCNA identified 24 distinct co-expression modules from DEGs. The highest positive correlation between the tan module and tumor grade was found through the gene module related to clinical features. Using comprehensive analyses of GS, MM, degree, and MCODE score, we inferred that SNX10 was the hub gene of the tan module. SNX10 is a member of the SNX family, which possesses an evolutionarily conserved PX or phosphoinositide-binding protein with a Phox homology domain. SNX10 is involved in different endosomal transport pathways by targeting endosomal membranes through the PX domain [23, 24] . SNX10 only has one PX domain, and is the most basic structured member of the SNX family. Even so, its biological function is still largely unknown. Loss of SNX10 function may be an important therapeutic strategy for inflammatory bowel disease [25] . Chen et al [26] have suggested that SNX10 has interactions with V-ATPase. SNX10 has regulatory functions in membrane trafficking and endosomal stabilization, and SNX10 overdrive can lead to formation and accumulation of giant vacuoles that can be inhibited by brefeldin A [27] . Shen et al [28] have reported that SNX10 is significantly downregulated and acts as a suppressor in human colorectal cancer (CRC). It can increase activity of chaperone-mediated autophagy and decrease expression of p21
Cip1/WAF1
, thus regulating tumorigenesis and progression. Downregulation of SNX10 leads to loss of control of amino acid metabolism, which activates the mTOR signaling pathway and promotes tumorigenesis of CRC [29] . Gerber et al [30] have described two variants of SNX10 gene as candidates for CRC susceptibility. In addition, SNX10 exhibits the characteristics of a suppressor gene and acts as a potential marker of hepatic carcinoma, which may be regulated by miRNA-30d [31] . These findings show that inhibition of SNX10 expression may be closely related to tumorigenesis and tumor progression, but its clinical significance in SA remains unclear. Using western blotting and real-time PCR, we have revealed differential expression between SNX10 in SA cells and normal gastric epithelial cells shown through bioinformatics analysis. We also confirmed the correlation between SNX10 and tumor grade based on the biopsy database in our center. Hence, this study is believed to be the first to confirm SNX10 as a prognostic factor for DFS and OS in SA patients.
This study had some limitations. First, we did not analyze the effect of SNX10 on the phenotype of SA. The molecular regulatory mechanism of SNX10 also needs to be further explored in future studies. Second, this was a single-center retrospective study. Further studies should be conducted to validate our findings and highlight the mechanistic impact of SX10 on SA tumorigenesis and progression. In addition, sample size needs to be increased for further statistical analysis.
In summary, WGCNA as well as other methods were used to study RNA sequences and clinical data of SA patients from the TCGA database. We conclude that SNX10 is a hub gene associated with tumor grade and acts as an independent prognostic factor for DFS and OS in SA patients. SNX10 has the potential to become a novel prognostic indicator contributing to personalized therapy. However, more experiments are needed to validate the clinical and biological functions of SNX10.
ARTICLE HIGHLIGHTS
Research background
Stomach adenocarcinoma (SA) is by far the most prevalent pathologic version of gastric cancer, whose prognosis is influenced by the complex gene interactions involved in tumor progression. Guidelines have identified the correlation between clinical prognosis and tumor stage and grade. Detection of significant clusters of co-expressed genes or representative biomarkers associated with tumor stage or grade may prompt to highlight the mechanisms of tumorigenesis and tumor progression, and might be helpful to predict SA patient prognosis.
Research motivation
To detect significant clusters of co-expressed genes associated with tumorigenesis, which may help predict SA patient prognosis. The weighted gene co-expression network analysis (WGCNA) method provided a functional interpretation tool for systems biology and led to new insights into the pathophysiology of SA.
Research objectives
The aim of the present study is to reveal a novel biomarker of SA and evaluate the prognostic value of it in SA.
Research methods
The RNA-seq dataset and clinical dataset of SA in The Cancer Genome Atlas (TCGA) were used in this study. The WGCNA was used to identify meaningful modules and hub genes. A 326 patients database was used to evaluate the clinical significance of hub genes via survival analysis.
Research results
Differentially expressed genes (DEGs) (6231) were obtained through whole genome expression level screening. Gene modules (24) were identified using WGCNA, which were observed to be co-expressed. Pearson's correlation 
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analysis showed the tan-module to be the most relevant to tumor stages. In addition, we detected SNX10 as the hub gene of the tan-module. SNX10 expression was linked to TNM stage and tumor differentiation. Patients with high SNX10 expression trended to have longer disease-free survival (DFS) and overall survival in univariate analysis. Multivariate analysis also showed that dismal prognosis could be precisely predicted clinicopathologically using SNX10. However, more experiments are needed to validate the clinical and biological functions of SNX10.
Research conclusions
WGCNA as well as other methods were employed to study RNA-seq and the clinical data of SA patients from TCGA. SNX10 was considered as a hub gene associated with tumor grade and acted as an independent prognostic factor in SA patient DFS as well as overall survival. It has the potential to become a novel prognostic indicator, thus contributing to personalized therapy.
